Tetrabrominated calix [4]arene analogue 4 was subjected to lithium-halogen exchange with tertbutyl lithium to give a tetra-lithium salt which could be silylated with chlorotrimethylsilane to give tetrasilylated derivative 5 and the trisilylated analogue 6. However, attempts to use boron electrophiles resulted in only partial boronation. Attempts to brominate calix [6]arene 12 proved surprisingly difficult, which prevented the isolation of 13 and hence generation of the corresponding hexa-lithium salt. Bromination of calix[8]arene 14b was possible and the octalithium salt was generated by lithium-halogen exchange of 15 with tert-butyl lithium. Subsequent reaction with chlorotrimethylsilane though, only resulted in partial silylation to give 16.
Introduction
Calixarenes 1 , the cyclic products of the condensation of molecules such as para-substituted phenol and formaldehyde, represent a class of receptor which is readily available in varying ring sizes, particularly 1a-c. These receptors have been widely used for ligating cations and neutral organic molecules in solution, due to: (i) their ease of access via simple one-pot processes; (ii) their formation of well defined stable cyclic derivatives possessing varying cavity sizes suitable for binding different guests; (iii) their ease of chemical modification, and functionalisation. However, the synthesis of anion binding derivatives of benzenoid calixarenes has been much less studied 2 , with no reported examples of calixarenes containing Lewis-acid metals directly attached to the benzene rings. The only examples of the construction of calixarene-based Lewisacidic receptors have relied upon attaching the metals to the oxygen moieties of calixarenes such as 1a 3 , for example bis-tetraalkoxy silanes 3a which can act as anion or Lewis-base acceptors. We became interested in developing new poly-Lewis-acid based receptors containing four, six and eight Lewis-acid functions and viewed calixarenes as suitable relatively rigid frameworks for the attachment of multiple metals, for example structures 2, with the expectation that such systems would behave cooperatively to bind anions as shown schematically by Figure  1 . In this paper we report our approaches to the synthesis of polymetal-substituted calixarenes, using silicon to demonstrate the methods for poly-metal attachment. 
Results and Discussion
The possibility of incorporating silicon, with a view to attaching Lewis-acidic atoms such as boron, onto the benzene rings of calixarenes was initially explored using the calix[4]arene ring system 1a since it possesses both minimal functionality and conformational flexibility 1, 8 .
Calixarene 1a 9 was therefore subjected to removal of the tert-butyl groups, followed by Omethylation 9 and bromination 10 using similar methods to those reported in the literature. Thus, calixarene 1a was converted into compound 4 as shown in Scheme 1.
1a OR 1) AlCl 3 , phenol, toluene, 95 %.
2) NaH, MeI, DMF, THF, D, 78 %. After obtaining 4, it was possible to examine different methods for obtaining the tetra(trimethylsilylated)calix[4]arenes 5. After much experimentation, it was found that the lithiation of 4 was possible, but only by using an excess of tert-butyllithium (3 equivalents per bromine), followed by silylation with excess chlorotrimethylsilane (Equation 1). Silica gel chromatography gave two compounds with similar mobility, which could be separated by fractional recrystallisation to give compound 5 (21%) and 6 (32%). The successful synthesis of the silylated calixarenes 5 and 6 was then extended to boronation using standard methods consisting of lithiation of 4 followed by reaction with various boron electrophiles, such as trialkylborates and trihaloboranes. For example, 4 was reacted with excess tert-butyllithium, followed by addition of excess trimethylborate. In separate reactions, both pinacol and ethylene gylcol were added to the reactions in order to isolate stable boronate esters of type 7 and 8 respectively. After the reaction, white solids were obtained, however, these solids (reactions A and B) were insoluble in organic solvents. The +ve ion f.a.b. mass spectrum of the solid from reaction B did show peaks at m/z 621, 620, 619, 618 (corresponding to M + H + and M + of 10 rather than 8), but when the experiments were repeated via the boronic acid intermediate 11 followed by addition of pinacol or ethylene glycol (reaction C and E, Scheme 2), no tractable material could be isolated. The main problem with reactions C and E (Scheme 2) seemed to be the high solubility of the reaction product in water. In order to obtain more direct evidence for the attachment of boron to the benzene rings of the calix[4]arenes ring system, 4 was lithiated, quenched with trimethylborate, and the crude product subjected to oxidation with H 2 O 2 /NaOH 12 . The crude products were then acylated to obtain 9 (reaction D, Scheme 2). A white solid was obtained, whose mass spectrum showed peaks at m/z 538 and 481 corresponding to (M + H + ) of 11 and 3b respectively. This result suggests that intramolecular lithioaryl aggregation may be responsible for the formation of unreactive intermediates, which fail to react cleanly with the boron electrophiles. The use of alternative boron electrophiles after lithiation of 4, i.e. boron trifluoride, boron trichloride and boron tribromide (to lead to 2a, X = F, Cl, and Br respectively), under a variety of reaction conditions, also led to the formation of complex product mixtures from which pure materials could not be isolated. However, having produced the tetra(trimethylsilyl) derivative 5, an alternative route to boron Lewis-acid receptors 2a (X = Cl or Br) might involve a desilylation-boronation reaction of 5, with either boron trichloride or boron tribromide. Unfortunately, quantitative and rapid demethylation and desilyation occurred to give 3a in each case after hydrolysis.
Having been successful in incorporating trimethylsilyl groups onto the calix[4]arene ring system, attention was focused to the next larger member of the benzenoid calixarene family, i.e. the calix[6]arene ring system. The cavities of the calix [6] arenes are larger than those of the calix[4]arenes, and therefore should have better properties for the formation of inclusion complexes 13 . However, the calix[6]arenes have received little attention, mainly because of their higher degree of functionality and flexibility (which normally makes their chemistry more complex 14, 15 than that of the calix[4]arenes. To combat this problem, functionalization (e.g.
hexa-O-alkylation) could be envisaged as a means of controlling the ring flexibility, and therefore modulating the properties of the calix[6]ene derivatives. In order to prepare the trimethylsilyl derivatives of the calix[6]arenes, the bromoderivative had to be prepared first for metalation and reaction with chlorotrimethylsilane. The starting material 1b 9 was converted to 12b as shown in Scheme 3. However, compound 12b
could not be brominated cleanly under a variety of conditions, such as N-bromosuccinimide in 2-butanone with sonnication and bromine/ iron(III) bromide. Failure to brominate 12b was thought to be largely due to the insolubility of this material, thus the more soluble calix[6]arene derivatives 12c and 12d were employed (Scheme 3) and subjected to bromination over extended periods in order to access 13c and 13d respectively. Since it was not possible to brominate the calix[6]arene ring system, the calix [8] arene ring system was then examined to find out it would prove more convenient to brominate and hence access the trimethylsilylated derivative. Thus removal of the tert-butyl groups of 1c gave 14a, which was methylated to give 14b (Scheme 4).
OR
OMe 1c 1) AlCl 3 , phenol, toluene, 69 %.
2) NaH, MeI, DMF, THF, D, 91 %. Bromination of 14b was possible using N-bromosuccinimide in a 3:5 mixture of toluene and 2-butanone under sonnication to give 15 in 53% yield. Lithiation of 15 with excess tertbutyllithium followed by reaction with chlorotrimethylsilane (Equation 2) gave a major product 16, i.e. with only two trimethylsilyl groups attached. Considerable manipulation of the reaction conditions failed to improve the efficiency of this process, which again suggests that relatively stable, hindered intramolecular poly-lithium complexes are formed as intermediates, which are unreactive towards electrophiles larger than a proton. 88, 7.06, 7.16, 7.21, 7 .41 (9H, all br s, 9 x aromatic); δ ( 13 C, CDCl 3 ) -1.0 (9 x CH 3 Si),29.7, 30.5, 36.9 (4 x CH 2 ), 58.5, 60.2 (4 x CH 3 O), 131,6, 132.5, 132.9, 133.3, 133.7, 133.9, 134.6, 134.9, 135.2, 135.6, 157.7, 158.3 (aromatic) ; m/z ( + e. (0.800g, 0.88mmol) and Nbromosuccinimide (2.070g, 11.63mmol) in 2-butanone (50ml) and toluene (30ml) was sonnicated for 45min and stirred at room temperature for 3 d. The reaction mixture was washed with a 10 % aqueous solution of sodium bisulfite (70ml) and extracted with toluene (3 x 50ml), dried, filtered and concentrated to yield a white solid.
Recystallization 124.0, 129.0, 129.1, 133.2, 134.3, 134.4, 156.7, 157.7 (aromatic C's) .
